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Panel 1 - Partnerships, Engines and Fuels, and Materials

Christy Cooper, Director, U.S. DRIVE Partnership

Ken Howden, Director, 215t Century Truck Partnership

Gurpreet Singh, Program Manager, Advanced Combustion Engines and Fuel
Technologies; Acting Program Manager, Materials Technology

Michael Weismiller, Technology Manager
Kevin Stork, Technology Manager

Sarah Kleinbaum, Technology Manager
Felix Wu, Technology Manager

Jerry Gibbs, Technology Manager
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Christy Cooper

/\_\\
USURIVE

DRIVING RESEARCH AND INNOVATION FOR
VEHICLE EFFICIENCY AND ENERGY SUSTAINABILITY

U.S. DRIVE is a voluntary government-industry partnership
focused on advanced automotive and related energy
infrastructure technology R&D
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A framework for collaboration

* Executive Steering Group: Strategic
engagement among senior leadership

Electric

* 13 technical teams: Frequent and regular Utility

technical interaction

VALUE to DOE:

v" Industry perspective supports alignment of
research priorities, ensures relevance of
publically-funded research, prevents
duplication

v" Information-sharing and leveraging of technical

expertise accelerates progress
W .. —

DRIVING RESEARCH AND INNOVATION FOR
VEHICLE EFFICIENCY AND ENERGY SUSTAINABILITY

U.S. DRIVE
Collaborative
Partnership

Government




U.S. DRIVE in 2019...

PARTNERS: Y& NEW PARTNERS:

* Auto: FCAUS, Ford, GM (first time since 2010!)
* Energy: BP, Chevron, ExxonMobil, Phillips66, Shell | = American Electric Power

» Utility: DTE, EPRI, Southern California Edison * Duke Energy

CORE PORTFOLIO:
* Batteries, electric drive, grid integration *NEW IN 2019:
« Advanced combustion engines and fuels [ WSROI A A E LA

* Lightweight materials * “e-Fuels”
° |ntegrated Systems analysis ® NeW Grld |ntegrathn Roadmap and

* Fuel cells, hydrogen Targets
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https://www.energy.gov/eere/vehicles/us-drive

v' Learn More...
v" Partnership Plan and Roadmaps...
v Accomplishments Reports...

/__\

RIVING CH AND INNOVATION FOR
HICLE E| CY AND ENERGY SUSTAINABILITY

RESEAR.
FFICIEN

D,
VEI



215t Century Truck Partnership

Ken Howden

* Trucking drives the economy —
. . . _...-—-'__"l-..‘
 Efficient, safe vehicles and S—— i
operations reduce costs for \H \ )
. D ———, g
- g ———
businesses and customers 215t CENTURY TRUCK
 Cooperative R&D maintains Gl
U.S. competitiveness and
energy security
* Eleven manufacturers ‘,,g;‘f'::,ELECTRIFIED POWERTRAINS
- DOE, DOT, EPA, Army 7 o)

* Four tech teams with

performance goals and R&D
strategies

. .~.':'

REIGHT OPERATIONAL EFFICENCY

=
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21st Century Truck Partnership
Research Blueprint, February 2019




Electrification Versus IC Engines

Path to 55% BTE (Conventional Diesel Cruise Condition)

< . <
IC Engine < 55
= & > T
Electrification . — Q Demonstrated - S -_E
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Base Engine

Cummins-Peterbilt SuperTruck Team’s Projected
Incremental Gains to 55 Percent, Source: Kocher 2014

Weight Cost
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Advanced Engine and Fuel Technologies R&D

Gurpreet Singh

U.S. DEPARTMENT OF ENERGY

Advanced Engine and Fuel Technologies

Combustion
Research

Co-Optimization of
Fuels and Engines

. Alternative Fuel

Engines

Emission Control

High Efficiency
Engine Technologies

Fuel Spray

\

\

/

k Fuel Effects on
@ Combustion

P
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Advanced Light-Duty Combustion Consortium Mike Weismiller

ﬁoray/Wall Interactions

Ignition

* National lab consortium to
provide the data, knowledge, and
tools to enable the design of
clean, efficient IC engines

* Remove key barriers to efficiency
and emission reduction through
simulation/prediction of:
 abnormal combustion events

(knock, pre-ignition)
* cold-start emissions (including soot) " High Performance Computing

* highly dilute combustion =
(including cycle to cycle variations) = = . (ea)-10%8
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Advanced Light-Duty Combustion Consortium

Cold-start emissions

Foundational
Physics/Chemistry

" 'DNS

CONVERGE
Developed
UDFs

Time aSOl: 0.6ms %107

Model
Development

Engine Simulation
Qnd Validation

Leveraging technical
leadership across the
national laboratories

Argonneo || Lawrence Livermore

National Laboratory
HATIONAL LABORATORY

- @ ®
- Los Alamos ;, .,;’N'l’

NATIONAL LABORATORY
!!!!!!!

| Sandia
.;g,OAK RIDGE @ National
-National Laboratory Laboratories

Presentations:

8am-5pm on Tuesday
in Regency E
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Co-Optimization of Fuels and Engines Kevin Stork

/Objective: Advance the \ () s
underlying science needed to
develop fuel and engine
technologies that will work in
tandem to achieve significant

kefficiency and emissions benefitSy

\

% OAK RIDGE

al Laboratory

 Two DOE Offices:

— Vehicle Technologies Office
— Bioenergy Technologies Office

* Nine National Labs
Fuel R&D * More than 20 university and
iIndustry partners

Engine R&D
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Co-Optima Approach

Light-Duty

* Near-term opportunity:
improved efficiency
consistent with the
operating range of
modern, downsized
engines (Boosted Spark
Ignition)

* Mid-term opportunity:
improved efficiency
across drive-cycle (Multi-
Mode Spark

|gnition/Advanced
Compression Ignition)

Medium/Heavy-Duty

* Near-term opportunity:
Improved engine
emissions, bio-distillate
substitution (Mixing
Controlled Compression
|gnition)

* Longer-term, high-risk/
high-reward opportunity:
improved efficiency and
emissions (Advanced
Compression Ignition)

Presentations:

8:30am-5:00pm
Wednesday in Regency F
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What Is Holding Back More Use of Natural Gas for Transportation?  Kevin Stork

* Fixed Costs - NG vs Diesel:

— Fuel Storage ($35K vs $2.5K) 20 Diesel
— Engine ($40K vs $30K) 80
_ After treatment ($2.5K vs $7.5K) 20 Natural Gas (15% Efficiency Deficit)
- Running Costs on 2-Year Payback * 60 Natural Gas (Efficiency Parity)
— Fuel ($67K vs $82K) é 50
— Fuel at Efficiency Parity ($57K vs $82K) 3
— Other Costs ($3K vs $3K) 40
* Other Considerations: 30
— Fuel Price Uncertainties 20
— Less Torque, Less range 10 I
— Uncertain Refueling Access
— New Training/Maintenance Programs ’ 2-Yr Fuel Cost  E -
*_Assumptions: Presentations:
e 100,000 miles per year; Class 8 diesel truck fuel economy of 7.5 MPG 10:00am-4:30pm

e Diesel fuel price of $3.15/gallon; CNG price of $2.18/GGE
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Thursday In Regency F




Fuel Efficiency and Emissions Interlinked Ken Howden

more efficient engines = lower exhaust temps = catalyst challenges

* Greater combustion efficiency Higher efficiency engines have
lowers exhaust temperature lower exhausttemperatures

* Catalysis is challenging at low | Conventional (Stoich)”
temperatures

Lower Exhaust
* Fuel economy standards are
going up

* Emissions standards getting
more stringent

Temps

Turbo Out
Temperature (C)
o B O R TS I % R 9

Advanced LT_C (Lean)*

1 2 3 4 5
ngine Load at 1500 rpm in BMEP (bar)

*Conventional”. modern state-of-the-art Gasoline Direct Injection Turbocharged stoichiometric-burn engine vs.
“Advanced LTC": Reactivity Controlled Compression Ignition (RCCI) [an advanced lean-burn Low Temperature Combustion (LTC) engine]
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Emission Control for Future Engines and Fuels

Lean A .. Close-Coupled 3-Way Catalyst
Gasoline o/ X 3-Way Catalyst with NOx Storage

Engine G

g ; :- b Wall-Flow Gasoline Particulate Filter

4 Selective Catalytic Reduction
_ ‘%j =

Cleanup Oxidation Catalyst

A . .
snngle«-uom Wall-Flow Particulate Filter
4y]
E Subnano-
M Soot Partic], s
8 llll Tafrpfpe
O R Emissions:
Y
e
3 ' _
UJ o.- -
E Bulk
] ﬂ
@ a
q) .
— Engine
] Out
Emissions

Less Cata|y5t Material ' . Alternately Open / Plugged Channels
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A High Specific Output Gasoline Low-Temperature Combustion Engine -
_General Motors

Develop a high-output, low-temperature gasoline combustion engine
system demonstrating a 15% to 17% fuel economy improvement relative
to a contemporary stoichiometric combustion engine.

* Gasoline low temperature combustion
system combined with downsizing and
boosting

* Low temperature plasma ignition system
* Physics-based model-based control

* PASS (Passive-Active Ammonia SCR) lean
NOx aftertreatment system

* Key Suppliers: FEV, Delphi, Honeywell,
BMTS, Federal Mogul, BASF

p—
S
<
2
~
~
ho 16.1%
U
L
v
2

Baseline LTC

Underfloor
TWC/GPF

Ammonia-based SCR

& —— == Jean NOx control
CCTWC: NSC&GOC -»
HC/CO oxidation and =— —

NOx reduction under
stoich/rich conditions
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Improve Fuel Economy with

G t Singh
Lightweight and Propulsion Materials urpreet Sing

Lightweight Materials Propulsion Materials
- Sheet Metals (Al, AHSS, Mg) - Cast Metals (Al, Cast Iron, Stainless)
- Carbon Fiber Composites - High Temp Alloys (500 - 1100 C)

- Multi-Material Joining

Program Goals: 25% glider weight reduction at less than $5 / Ib-saved by 2025
and 25% improvement in high temperature component strength by 2025.

U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY



LightMAT: A Multi-Lab Consortium for

Sarah Klei
Accelerating Lightweight Materials Development arah Kleinbaum

Objective: Facilitate connections between

industry and National Lab resources to JEEE | s B -5
accelerate lightweight materials development : Ll
and provide access to unique scientific and i

technical resources such as: RE

* high resolution and non-destructive ® )

characterization,
« novel synthesis and processing of materials, ﬁ’ 1 ), s 142 13
° and high_impact predictive modeling- Laboratories - Organizations Capabilities Projects
Extruded Tube/Rod/Wire
Consolidation .
www.LightMAT.org

' Spiral

Grooves frictional

Heating Container

PNNLs ShAPE Process and ZK60 Extruded Tube
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Joining Difficult Dissimilar Material Pairs at PNNL & ORNL

ALUMINU'M SHEET B COMPOSITE B ALUMINUM CASTING The IlghteSt Welght Veh|C|eS Wl" be
made from a mix of Advanced High
Strength Steel, Aluminum,
Magnesium, and Polymer
Composites

B PRESS HARDENED STEEL MAGNESIUM SHEET

Advanced High Strength Steel

Advanced High Strength Steel Carbon Fiber Composites

Carbon Fiber Composites

Cross-cutting efforts on: Design of interfaces using multiscale computational modeling,
galvanic corrosion characterization and mitigation, and in-line process control
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Carbon Fiber Composites H. Felix Wu

* Opportunity: Significant weight
reduction for fuel economy Computational Tool:
improvement through application of (ICME approach)
high specific strength and high
specific stiffness composites

 |ssues: High raw material cost,
computational tools capable of
accurate predictions with validation
not been developed

* Approach: Integrate manufacturing
with structural performance models
using Integrated Computational
Materials Engineering (ICME)
approach
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Carbon Fiber Composites

Built
For the

project ||

2016 GM-Malibu Best in its Class
Light Weight Steel

Rocker Floor Assembly

Weight = 68 Kg
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Replacement Carbon Fiﬁ Portion of the

Assembly Weight = 48 Kg

Parts consolidation from
81 steel parts to 9
composite parts

Carbon fiber design is
30% lighter than steel

Further optimization is
expected to improve the
weight savings to ~ 40%

assembly built
for the prototype

evaluation




Accelerated Development of Tailored Aluminum Alloys Jerry Gibbs

Integrated Approach Results

« Advanced Characterization * 1t Generation ACMZ Al. alloy with Tailored Properties

coherent (face)

Room Temperature Strength

%
[y
o
(3]
D
o £
T
=
©
(9]

High Temperature

Cost o . :
0S . 300C Strength

Effectiveness

=~/ Thermal

Castability Conductivity

—o- Baseline 319 ===ACMZ Alloy
* Further from center indicates better performance

* >50% Improvement in High Temperature Strength
* >50% reduction Development Time

U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY




The Powertrain Materials Core Program
Address Critical Powertrain Component Materials Needs

LD/MD Cylinder Head MD/HD Cylinder Head

— Valves

LD Pistons Exhaust Manifold

— HD Pistons

Turbo Compressor Wheel
Turbine Housing

Turbo Compressor Housing Turbine Wheel

Thrust 1. High Temperature Lightweight Alloys <500C (low - mid TRL)

Thrust 2. Higher Temperature >500C (Ni-, Fe-based) Alloys (low - mid TRL)
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Panel 2 - Batteries and Electrification

Steven Boyd, Program Manager, Batteries and Electrification
Brian Cunningham, Technology Manager

Peter Faguy, Technology Manager

Samuel Gillard, Technology Manager

Tien Duong, Technology Manager

Susan Rogers, Technology Manager

Lee Slezak, Technology Manager
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Batteries and Electrification - Introduction Steven Boyd

1,400,000 2019 IEA Global EV Outlook

Cumulative U.S. Plug-in Vehicle Sales

* In 2018, the global electric car fleet
exceeded 5.1 M, up 2 M

e 2030 New Policies Scenario:

— Global EV sales reach 23 M
— Stock exceeds 130 M vehicles

e EV30@30 Scenario:
— Global EV sales reach 43 M
— Stock exceeds 250 M

1,200,000

1,000,000

800,000

600,000

400,000

200,000

e Support for battery manufacturing and
solid state batteries

2011 2012 2013 2014 2015 2016 2017 2018 2019*
Yan Zhou, Argonne National Laboratory IEA (2019), "Global EV Outlook 2019", IEA, Paris. SI m pler d rCh IteCtu res for EVS Wlth

*Through March 2019 :
compact electric motors
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Batteries and Electrification - Introduction

* New York International Auto Show: more
than 40 electrified vehicles

« EPRI: Utilities are proposing ~$3.7B in EV
charging infrastructure

* Continental CEO: Next 15 years, in the
powertrain arena “the train is out of the
station” in transformation to electrification

* CEO of Daimler Trucks North America: For
commercial vehicles “The beginning of the
post internal combustion engine era”

U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY

2020 Chevy Bolt | Adam Jeffery | CNBC



Batteries and Electrification - Introduction

o Affordable

— Battery and Electric Drive
System Costs

— Charge Management

* Secure o
) Cobalt Recycling
— Cybersecurity Cathodes R&D
— Materials supply

Lithium-lon
Battery Recycling
Prize

and recycling
* Reliable
— Localized, behind the meter storage
— Vehicles powered from grid electricity
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System Cost ($/kWh)

$600

$500 |

$400 |

$300 |

$200 |

$100 |

$0

Graphite/High
| Voltage NMC
4V, NMC

4.2V, 10%Si Silicon/High
Voltage NMC

"s__
b .

Year




Energy Storage: Battery Cost Story - The Past and Future Brian Cunningham

a N 4 N
CHARTER: Develop battery technology that 2022 GOAL: $ 150 / kWh(useabIe)
will enable large market penetration of Critical materials-free with recycled materials and
electric drive vehicles capable of fast charge

\ / o /

Cathode lead
Top cover Safety vent and CID

Gasket (PTC)

&5 Separator
(s

5=

Il
Insulator
55~

(4]

Cu Current Collector
Al Current Collector

[ Cathode 'Anode
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Energy Storage: Battery Cost Story - The Past and Future

“Rapidly falling costs of battery packs for electric vehicles”, B. Nykvist and M. Nilsson; Nature

Climate Change; March 2015, DOI: 10.1038/NCLIMATE2564

2,000 95% conf. interval, whole industry
i 95% conf. interval, market leaders
1,800 + x Publications, reports, and journals  +
| X News items with expert statements ©
1,6007 Log fit of news, reports, and journals: 12 + 6% decline = -
- 4 \ Additional cost estimates without a clear method  x
; 1,400 s Market leader, Nissan Motors (Leaf) e
! 2012 DOE cost Market leader, Tesla Motors (Model S) o
-z - X kWh ’
< 1,200 target 5600/kW Other battery electric vehicles o
a i Log fit of market leaders only: 8 + 8% decling = e
S 1,000 Log fit of all estimates: 14 + 6% decling ——
<t 200- Future costs estimated in publications 4
i
2018 DOE cost
o DOE cost target $100/kWh
N 6007 h a S197/kWh W Glmate Soal of S0/ kuh
0O A
a00- ol 0% p B R e
O O g ~O .../ :._- ‘ A é§
200_ ® N
> ®
|
I I I I I I I I I I I I I I I I I I I I I I I I I
2005 2010 2015 2020 2025 2030

U.S. DEPARTMENT OF ENERGY
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Energy Storage: Battery Cost Story - The Past and Future

$600

System Cost ($/kWh)

$500

$400

$300 1

$200 1

$100 1

" Graphite/High ]
. Voltage NMC

{ Silicon/High }
Voltage NMC

WAy $320/kWh { Lithium-Metal or}
(5x excess Li, 10%S) e
<‘<v>§ Lithium/Sulfur
$197/kWh
~
~
~ -~ =

~$80/kWh

2012 2014 2016 2018 2020 2022 2024 2026 2028 2030

Year
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Graphite/High Voltage NMC

e R&D Focus: Higher cathode
capacity (220+ mAh/g), low/no
cobalt, recycling, fast charge

|

L 4

e R&D Focus: Higher anode
capacity (1000+ mAh/g),
cycle/calendar life, fast charge

Lithium-Metal & Li/Sulfur

e R&D Focus: Solve cycle life/
catastrophic failure issues,
reduce excess lithium, reduce
excess electrolyte, reduce lithium
metal cost



Cathode Materials for Next-Generation Lithium lon Batteries Peter Faguy

NG LiBs require improvements in transition metal oxide (TMO)-based cathode materials

TMO cathodes are used in nearly all advanced Li* + e~ goes into the TMO  DISCHARGING {LOWER VOLTAGE}
energy and power applications Li* + e” comes out CHARGING {HIGHER VOLTAGE}
GOALS A o
CABOT » 22
* |ower Cobalt content
w2y GTEXAS

* improve higher voltage operation UCSanDiego =) Wiaswen
* keep energy density high

&
UCIRVINI;P ) »;/ 0"1;”‘7”),

ACTIVITIES ;_gcR»xK e

. . . IDGE m
Four project groups, > 20 active projects across T
six national labs, with > $15M in FY19 funding UTEXAS & ccren
1. No or Low-Cobalt Content (FOA awards) 4‘ NEXCE Rtl,i “ ;‘v”jf‘ﬁw
2.  Improve Current TMO Materials (Consortium)

—
PENNSTATE. [P

3. Prove New Class of TMOs Viable (Consortium) o T
4. Understand Cathode/Electrolyte Interfaces (Projects) sl st i o

oxygen

ORAL PRESENTATIONS Tues., June 11th; 8 am - noon in Potomac POSTER SESSION Tues., June 11th; 5:30-7:30 PM in Independence A
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eXtreme Fast Charge Cell Evaluation of Lithium lon Batteries Samuel Gillard

38
- 37 4C
=3

Argonne®  TINREL 6
NATIONAL LABORATORY NATIONAI RENFWARI F FNFRGY | ARORATORY OO

35
3

N e " 34
' : ® >

) )XC E L NINL 233
BERKELEY LAB Idoho National Laboratory %

eXtreme Fast Charge Cell Evaluation =32

of Lithium-ion Batteries 31

1 AR 30

gmh’m-\m 0 10 20 30 40
Heat Time (min)

Particle Cracking

mm Plating

2.7 mahfem® ; 1.3 mahjem”

Presentations
Room: Potomac
From 8:30-12:30

U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY




Lithium lon Battery Recycling R&D Center

MISSION: Minimize the cost of recycling lithium ion batteries to ensure Re@e"
future supply availability of critical materials and decrease energy usage BATTERY RECYCLING
A
Argonne
3
DIRECT OTHER +NREL
CATHODE MATERIAL
RECYCLING RECOVERY OAK
o Cathode Separation o Electrolyte RIDGE
o Binder Removal o Graphite ool Labor
= Cempositional Changs TM'taiglllli%?;lgical
University

UCSan Diego

DESIGN MODELING

BN 4 [ FOR AND

N $ B RECYCLING ANALYSIS

i — | = cenpesion 7 Materials Analysis
e o Cell Rejuvenation o Thermal Analysis

Presentations
Room: Potomac
From 8:30-12:30

34

o Supply Chaln Analysis
o TEAJLC & Modeling
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Battery Materials Research (BMR) Tien Duong

Ty Battery Materials Specific Capacity Cost ($/kg)
Q Why: e M | S

- Research on new materials for beyond Li-ion batteries. Graphite 372 18.5
Safe, abundant materials with higher capacity and lower Li metal 3,860 16.5
cost, such as sulfur, solid electrolytes and lithium. NMC ~ 200 27
Sulfur 1,673 ~0
O Issues:

O Participants: National Labs (7), Industry (2),

- Li metal: Reactivity and dendrite growth :
Academia (23)

- Sulfur: Polysulfide shuttle

- Solid Electrolytes: Low ionic conductivity and high U 7 Topic Areas, 51 research projects

rieriacial iesistance L mee | s

(d Approaches: Modeling 11

- Develop advanced modeling and characterization Diagnostics 10

techniques to investigate and mitigate the reactivity at Rolymerandisalid:statciElecholyics LY

the interphases/interfaces. Metallic Lithium !

- Engineer a host for lithium and/or an artificial SEI layer Sulfur Electrodes !

to protect lithium surface A Festiedts/ sl 3

- Design novel structures to encapsulate polysulfides Sodium-ion Batteries 3

Total 51
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Electric Drive Technologies (EDT) R&D Susan Rogers

Charger — modifies and controls electrical energy to charge the battery

Converter - increases battery voltage for traction drive system & decreases voltage for accessories
Inverter — converts direct current to alternating current for the electric motor

Electric motor — converts electrical energy to mechanical power

m |

L

mmm=  Mechanical .
===  High voltage (046 \'(1a -1 @—> Accessories

=== | ow Voltage

Integration reduces electric drive system cost and improves efficiency
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EDT Consortium

/

OAK
RIDGE

National Laboratory

N

Sandi =3
Ng![]ioll?al LE N R E L

Laboratories NATIONAL RENEWABLE ENERGY LABORATORY

N
/

/ UNIVERSITY OF

¥ AR

PURDUE

UNIVERSITY

VIRGINIA
TECH

&

WISCONSIN

IIIIIIIII

THE OHIO STATE UNIVERSITY

NC STATE UNIVERSITY

IIIIIIIIIIII -MADISON

~

ILLINOIS INSTITUTEﬁV}.
OF TECHNOLOGY

POLYTECHNIC
INSTITUTE

SUN
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EDT Consortium Keystone Projects

Keystone Project #1
Highly Integrated Power Electronics

Three-Phase Linear Inverter

Quilted Chips, Gate Drive Chips & Cards,
Capacitor Bank, Liquid Cooled Heat Sink

Total Volume ~ 0.7 Liters

Keystone Project #2
High Speed Electric Motors

Spoke
Internal
Permanent
Magnet

Outer rotor
Surface
Permanent
Magnet
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Keystone Project #3
Integrated Drive Systems

Axial
Endplate
Mount




EDT Consortium Targets

2015 Baseline 2025 Target
$1800 $900

($12/kW) ($6/KW)

Chevrolet Bolt

Future Mobility Design Concept

2025 Targets
Cost $ 900 50% reduction
Power Density 33 kW/L 843% increase

Reliability/lifetime 300,000 miles 100% increase
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Grid and Infrastructure R&D for Electrified Transportation Lee Slezak

 R&D efforts to develop EV charging infrastructure that is Cyber- Physical
interoperable, interconnected, secure, & resilient S
* EV charging landscape is evolving rapidly with MD & HD eXtremeFast  Smart Charging
. ] Charging Technologies
vehicle charging at rates up to 1.5 MW
* Barriers to Grid and Infrastructure R&D: Grid & Infrastructure R&D Focus
* Meeting the diverse needs of EV users, charging networks, %’
Distributed Energy Resources (DERs), and the grid; oo

* Evolving cyber-physical threats; and

Integration/

Optimization “‘r\

Storage

» Efficient energy transfer for high power charging

* Approach: National lab and industry led early stage R&D
guided by stakeholder interaction and engagement

Wireless

Interoperability
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Panel 3 - Energy Efficient Mobility Systems, Analysis, and
Technology Integration

David Anderson, Program Manager, Energy Efficient Mobility Systems
Erin Boyd, Technology Manager

Prasad Gupte, Technology Manager

Heather Croteau, Technology Manager

Mark Smith, Program Manager, Technology Integration

Dennis Smith, Technology Manager

Linda Bluestein, Technology Manager

Connie Bezanson, Education and Outreach Manager

Jacob Ward, Technology Manager



ENERGY EFFICIENT MOBILITY SYSTEMS

— .
- ?

 Mobility

L

~ New Modes
- of Trans

EEMS Team: David Anderson Erin Boyd
Prasad Gupte Heather Croteau
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End-To-End SMART Modeling Workflow Erin Boyd

AGENT-BASED TRANSPORTATION SYSTEM MODELING Mobility
Energy

TRAVELER SYSTEM FREIGHT Productivity
(MEP)

BEHAVIOR CONTROL MOVEMENT

LAND 1 1

USE

MESOSCOPIC SIMULATION
Regional, City

b
i

S311404d dldl
ADYINS

4
v

MICROSCOPIC TRAFFIC FLOW
Corridor

MULTI-VEHICLE CONTROL

A A

—>1  NOILdNNSNOD
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Agent Based Model Results

BEAM - Session EEMS 011
Per Capita Light Duty Vehicle Hours Traveled

A - Sharing is caring

B - Technology takes over
C - All about me

Low - Vehicle business

1.5]

Vehicle Hours Traveled

as usual
o High - VTO Targets
Trip Mode
Car
CAV
0.5 Ride Hail
Ride Hail — Pooled
In high automation cases,
large increase in vehicle

0.0 hours is not matched by
large increase in vehicle
X‘\@ O\O (\Q miles

U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY

Total Energy (GWhr)

POLARIS - Session EEMS 017

Energy use by scenario

500
450
400
350
300
250
200
150
100

5

o

base A-low A-high B-low B-high C-low C-high

B Conventional M Hybrids M PHEV EV

Private automated vehicles less
efficient than shared fleets for
regional mobility and energy




How Do We Evaluate Progress? Prasad Gupte

Motivation
« What is Mobility?

* The quality of a network or system to
connect people to goods, services,
and employment that define a high
quality of life.

MEP - Session EEMS057

Mobility

Land use

e Can we quantify energy and mobility
tradeoffs, particularly for new mobility
technologies and systems?

Travel time
(various modes)

Locati
Development of a methodology to more ocations

comprehensively assess mobility:

* Mobility Energy Productivity

U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY 48



How Do We Evaluate Progress?

« Quantify the number of opportunities that people can reach within a certain travel time threshold by
different transportation modes

* The opportunities measure is weighted by the energy efficiency metrics of different transportation modes
@ @
e = A S

* Average the energy-weighted mobility values across all activities by frequency of trip purpose

T e ®mdAD

* The opportunities measure could be further weighted by the travel cost of each mode
« MEP measures opportunity access potential, at a location for the existing modal spectrum

MEP = f (opportunity, time, energy efficiency, cost)
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Impact of TNC on MEP (illustrative and preliminary example)

MEP: Columbus (no TNC)

\ Powell [ Sohaais
| \ H | , ,iri | ]

PlainCity X - T ‘- A
T I vi!mhingtnn

|
New Albany

Huber Ridge
Minerva Park

sl I
]
2

- West Jefferson

} | as
— - Grandview Heights L.
! I : s | \
Lake Darby Columpus I N =~ S

| Linceln Village o /f_‘————

______ Canal Wirlchest L
]
|

Population Density Welghted Metrlc 162

MEP: Columbus (WITH TNC)

i e —

Plain City

Worthington

Huber Ridge et
New Albany =——.

Lake Darby Lincoln Village
- WestJefferson
L
‘71 - “ | Blacklick Estates
[ 0 (4 f . Olbatz‘ ,NT Grovepart
200 | , [ f‘rf 1| | | CanalWinéhester\__
HUEN

-450

Leaflet | Map tiles by Stamen Design, CC BY 3.0 — Map data © OpenStreetMap

Population Density Welghted Metrlc 198

Caveat: The TNC MEP computation does not account for any secondary effects of TNCs
such as increased travel (due to deadheading) or congestion effects.
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..but what IS Energy Efficient Mobility Systems Heather Croteau

...and why Vehicle Technologies Office

Source: ITALDESIGN
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...but what /S Energy Efficient Mobility Systems

Source: AP
-

SEATTLE, WA

138 HRS
#6 100 PITTSBURGH, PA BOSTON, MA

CHICAGO, IL 127 HRS 164 HRS
- —
$1,920

116 HRS NEW YORK, NY
#10 $1,625

133 HRS

PORTLAND, OR

PHILADELPHIA, PA
SAN FRANCISCO, CA

#8 116 HRS #9 $1,568

$1.624

WASHINGTON, D.C

155 HRS
LOS ANGELES, CA #2 $2,161
128 HRS
#5 $1,788
Source: INRIX

U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY




Okay...but why Vehicle Technologies Office

. .re Cities
Energy Efficient Mobility Systems
_ Advanced
Batteries and Materials Combustion reonnoloey Analysis

ifinati Integration
Electrification & Fuels g
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What Is Technology Integration? Mark Smith

* Data and Systems Research

* Advanced Vehicle Technology

Competitions
(EcoCAR Mobility Challenge)

e State and Alternative Fuel
Provider Fleet Program
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Technology Integration Core Activities

Training, Information &
Outreach, Tools
Partnerships
Clean
Cities
Coalition
Activities
Competitively
Awarded Technical
Financlal Assistance
Assistance
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Technology Integration Focus Areas

Light, medium and heavy-duty vehicles

Alternative Fuel Infrastructure

'''''''

Biodiesel Electricity Ethanol Hydrogen Natural Gas Propane

i o o
v i

Energy Efficient
Mobility Systems and
Technologies
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Technology Integration

FEEDBACK

Scientific
Research




Technology

Integration Tools, Data, and Resources Dennis Smith

e Non-biased source of VIO data and information
* Fuel Economy Guide (FE.gov), Alt-Fuel Data Center (AFDC)
 On-line station locator, tools, cost calculators, other web

and smart-phone apps & resources

* Fact Sheets, publications, handbooks, case studies g
* Technical Response Service and Hotline o S e

for Consumers

g
!“'—"'ﬁ +
— e ame——— e

SEARCH

e -
- QT A%
- W /%ﬁ
. @ .
o Wi

— T — e
Online Tools Technical Response Service Publications

U.S. DEPARTMENT OF ENERGY
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Technical and Problem Solving Assistance

« Technical Forums and User Groups

« Address unforeseen permitting & safety issues
 Identify chronic vehicle or infrastructure field problems
* Incident investigations

* Inform future R&D with real world experiences
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Nearly 100 Clean Cities coalitions with thousands of stakeholders,
representing ~80% of U.S. population

Alban
Por Y

Syracuse

Rochester LY lew Hampshire
ﬁdford

y* ~ Connecticut*

¥ Long Island

NYC Region

Eastern Pennsylvania
Delaware

Maryland

- ™ Washington DC

Sacramento

Oklahom
N
¥ .

Dallas/Ft. Wov#

a :
Hawaii ™ “®» Austingy L\
) ' o S
San Antoni Hmn / .
Galveston Tampa

North Florida

' Central Florida

: — * Connecticut Clean Cities Include:
ml - New Haven Southeast Florida
sTyme v . - Connecticut Southwestern Area
Cltles ; MERSARY - Capitol Clean Cities (Hartford area)
W Map Date: 04/16/19
U. S. Department of Energy .

(CleanCities.Energy.gov)
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Technology Integration Support and Portfolio

 Demonstrate innovative
vehicle technologies and
practices:

* benefit end users,

* increase resiliency

* reduce costs

* feedback to researchers
e Barriers?

e Cost

* lack of user knowledge,
experience and data

U.S. DEPARTMENT OF ENERGY

Of the vehicle options that are available today, what
is your opinion of pure electric vehicles?

2017 National Survey - 30% 35%
Overall | 16% 15% ‘
Plug In America | 16% 17%
Forth (Drive Oregon) - 14% 8%
\merican Lung Association | 16% 16%

|
1

I

0% 20% 40% 60% 80%

M Better As Good Not as Good ™ Don't know

100%

Linda Bluestein

Report period: January firough December 2017

EVSE Usage
Number of chaging ports'

Charging Demand: Range of Aggregate Electricity Demand versus Time of Day? for All Charging Ports

Weekday - Weskend
s meccny cean s
=

-
3w o — i
et ety
L ' L e el
e m L Messon secriesy aemand
R - acroes on amys
: — g

; ;

T

@. VE ELECTRIC e mamae - e s
Easaryoi)
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Technology Integration Support and Portfolio

Training — Experience/Education — Safety — Resiliency — Infrastructure -- Living Labs
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Technology Integration Support and Portfolio

USING REAL-WORLD DATA TO UNDERSTAND ENERGY IMPACTS
3 Living Laboratory Projects $4.9M in FY2017

2019 Oral Project Reviews:

Living Lab Projects and other Tl
projects

Tuesday June 11 8 AM - 11:.30AM

Location: Theater

ELECTRIC SHARED MOBILITY 2 4
Seattle, Portland, NYC, Denver

Uber, Maven, Reachnow 9 ’
ELECTRIC LAST MILE A
Austin

Pecan Street, CapMetro

ENERGY EFFICIENT FREIGHT LOGISTICS

NYC-Albany Corridor
y o AN
Rensselaer Polytechnic Institute, freight

carriers & receivers, urban supply chain




Advanced Vehicle Technology Competitions Connie Bezanson

Developing the scientists and engineers to address our energy needs.

93 North American universities
have participated since 1989.

* 69 patent applications submitted
by AVTC graduates

« More than 20,000 students have
participated

 EcoCAR 3 students:
— 89% engineering (90% undergrad

— 17% women
— earn more - $8,600 on average* @

MOBILITY CHALLENGE

* Technology Integration 2018 Annual Progress Report, Vehicle Technologies Office.
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MOBILITY

CAR

CHALLENGE

®
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® UNIVERSITY of
WASHINGTON

@ Colorado State llniversity$

U.S. DEPARTMENT OF ENERGY

worors <\ MathWorks:

UNIVERSITY OF

WATERLOO

:
9.

0 @McMaster

University st
THE OHIO STATE

UNIVERSITY
‘ VIRGINIA TECH.

or

®

"

Vehicle Platform:
2019 Chevrolet Blazer

40% of competition
activities focused on
CAV technologies

MISS]SSIPP[ STATE Georglaﬂm]gﬁgﬁ
||||||| @ OfTechmB
TFHE UNIVERSITY OF
ALABAMA
"EMBRY-RIDDLE

Aeronautical University
DAYTONA BEACH, FLORIDA
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VTO Analysis Strategic Visioning Jacob Ward

* Data-driven transportation technology analysis:

e answers critical questions Achieving
recognition
as leading

experts

e creates insights about energy use and other
relevant metrics

* supports office-wide goals and targets
* identifies gaps, opportunities, and challenges

Performing
great
research

Being an
invaluable
resource

» Efforts overcome silos, balance big-picture with
detail/nuance, and pursue objectivity and
trustworthiness

* Analysis capabilities and expertise anticipate and
respond to immediate office needs and identify _ _
longer-term strategic opportunities VTO Analysis Strategic Goals
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VTO Analysis

(1) Collect, synthesize, and make
public DATA and insights

(2) Use data to build, maintain,
and expand robust MODELING
capabilities

(3) Apply models for impactful
ANALYSIS to answer priority
research questions

VAN AMR presentations
Thursday morning in the
Theater; posters
Wednesaay evening

In'tegrated
AnaIyS|s

/ Energy and Emissions .
Modeling

Models and tools developed,
maintained, or used by VTO Analysis:

‘
L3
.
*
.
.
*
*
*
.
.
‘

‘(‘l\‘ GREET

", LVCFlex, Para
T$ TEEM/MA3T,('
«,“ﬂiﬂ -
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Conclusion

Reviewer Orientation 5:45pm to 6:15pm
(Washington Room)
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